No-till and increased cropping intensity (CI) can increase yield and soil organic C (SOC) in the US Great Plains compared with traditional wheat (Triticum aestivum L.)-fallow management. However, gains in SOC and other C pools may not be permanent. Increasing frequency of drought may reduce C inputs and potentially reverse gains accrued during wetter periods. This study examined the effect of drought on the persistence of SOC with two objectives: (i) to determine soil C pools (0-20 cm) after 24 yr in no-till as influenced by potential evapotranspiration (PET), landscape position (slope), and CI; and (ii) to compare the size of the C pools after the first 12 yr (wet) versus the subsequent 12 yr, notable for frequent droughts. Rotations were wheat-corn (Zea mays L.)-fallow (WCF), continuous cropping (CC), and a grass Conservation Reserve Program mixture planted across slopes at three sites in Colorado with similar precipitation but increasing PET. After 24 yr, water-soluble organic C increased with CI from WCF to CC to grass with 250, 340, and 440 kg C ha −1 , respectively. Soil microbial biomass C also increased with CI-1500, 1660, and 2135 kg C ha −1 for WCF, CC, and grass, respectively. The particulate organic matter C pool had a three-way interaction with PET, slope, and CI. Overall, between Years 12 and 24, SOC increased in grass by 16.9%, with a rate of 425 kg C ha −1 yr −1 sequestration compared with 10.5 and 1.4% for the WCF and CC systems, respectively.
has allowed for intensification of dryland production systems beyond the traditional wheat (Triticum aestivum L.)-fallow (WF) to more intensive rotations such as wheat-corn (Zea mays L.)-fallow (WCF), continuous cropping without summer fallow (CC), and grass mixtures (Wood et al., 1991; Farahani et al., 1998; Janzen et al., 1998; Potter et al., 1998; Bowman et al., 1999; Sherrod et al., 2003) . Conversion from a conventional tilled crop-fallow system to no-till produces a stratification of residues that previously were mixed or inverted into deeper subsoil layers (Potter et al., 1998; Ortega et al., 2002; Bono et al., 2008; Franzluebbers, 2010) . This provides a residue mulch layer that improves water use efficiencies enough to allow more intensive cropping with lower frequency and duration of summer fallow Nelson and Vigil, 2010) . No-till management, along with increased cropping system intensity, has shown gains in surface soil organic C (SOC) (Potter et al., 1997 (Potter et al., , 1998 Wood et al., 1991; Janzen et al., 1998; Bowman et al., 1999; Sherrod et al., 2003 Sherrod et al., , 2005 . The pool responsible for the majority of increases found in the whole SOC is particulate organic matter C (POM-C). This C pool is also one of the most labile and is therefore susceptible to loss (Sherrod et al., 2005; Benbi et al., 2014; Gregorich et al., 2015) . These gains have been most dramatic in more degraded systems during periods of above average precipitation (Sherrod et al., 2003 (Sherrod et al., , 2005 . The resilience of these systems, however, has not been tested under severe and frequent drought cycles, which are predicted to become more prevalent with climate change.
Research evaluating cropping intensity (CI) across landscape slope positions within and across a gradient of potential evapotranspiration (PET) is scarce. The dryland cropping systems experiment was started in fall 1985 to emphasize how CI (number of crops per unit time) affects yields as well as C and N (Wood et al., 1991) . In addition to cropping systems, this study included the establishment of native species of grasses that act as a positive check on what maximum intensity can achieve in building back soil organic matter (SOM) under rainfed conditions. This study has afforded us the ability to examine no-till cropping systems across different rainfall and PET patterns and understand how landscape slope positions and PET might interact with production and thus organic matter dynamics (Peterson et al., 1993; Sherrod et al., 2005 Sherrod et al., , 2014 . Sherrod et al. (2003) reported that annualized stover inputs explained 80% of the variability in total SOC and total N contents in the surface 10 cm. They also found that cropping system impacts on the levels of SOC and total N concentrations found after 12 yr of the study were independent of landscape slope position and PET gradient. Continuous cropping without summer fallow significantly increased both SOC and total N down to the 10-cm depth relative to the WF system (Sherrod et al., 2003) . This was due to increases in the biologically active C pools represented by watersoluble organic C (WSOC), soil microbial biomass C (SMBC), and POM-C. These soil C pools can act as early indicators of SOM levels, loss or accrual. The increases clearly showed that as CI increased, so did the levels of key organic matter pools that likely represent precursors for more stable SOC accumulation in soils (Sherrod et al., 2005) . During the first 12-yr phase of the study (Phase I), mean precipitation during the growing season was greater than the 30-yr average . During each 12-yr phase of the experiment, all the rotations with two or more crop phases completed their cycles to the original starting point. During the second 12-yr cycle (Phase II), only WCF, CC, and grass treatments were maintained to represent the intensity gradient. Phase II received notably lower than average rainfall over the growing season months (Hansen et al., 2013; Supplemental Fig. S1 ). This afforded us the opportunity to ask the question: did we lose the SOC gained during the wet years due to lower yields and possibly higher oxidation rates associated with the lower precipitation and higher temperatures?
We examined whether the more intensive systems maintained greater biologically active C pools than the least intensive system (WCF) after multiple years of drought. We hypothesized that lower yields and greater frequency of drought in Phase II would lead to a reduction in key soil C pools relative to those observed at the end of Phase I. We further hypothesized that PET climate and landscape might interact with CI due to the differences in soils and topography found within each PET site. In addition, we expected to see increased C in the passive pool (passive mineral-associated organic C, P-MAOC) after 24 yr, but only in the cooler climates at the highest production slope positions (Burke et al., 1989) . Our objectives were: (i) to assess active (WSOC and SMBC), slow (POM-C), and passive soil C (P-MAOC) pools at the 0-to 20-cm depth increment after 24 yr in no-till systems of WCF, CC, and grass at all PET sites and landscape (slope) positions, and (ii) to determine how changes in the biologically active C pools are affected by management and climate shifts under no-till cropping systems.
Materials and Methods
Here, we report data for the 0-to 20-cm depth increment from three time periods: (i) at the start of the field experiment in 1986, when no-till management was imposed on the sites and which represents the "baseline" against which SOC changes were measured; (ii) after 12 yr of no-till cropping (Phase I, fall 1985 (Phase I, fall -1997 , a period characterized by above normal growing season precipitation; and (iii) after 24 yr of no-till cropping and at the end of another 12-yr period (Phase II, 1998 -2009 characterized by below normal growing season precipitation (Supplemental Fig. S1 ).
Site (PET Gradient), Topographic Gradient, and Cropping Systems
This study was conducted as part of a long-term sustainable dryland agroecosystems management project initiated in eastern Colorado in 1985 to evaluate the effects of CI on production, water use efficiency, and other selected soil chemical and physical properties (Peterson et al., 1993 . This experiment tests three major variables: (i) site (according to PET), (ii) topography (slope position), and (iii) CI under no-till management. Soils at each site had been under conventional tillage with a crop-fallow rotation for >60 yr prior to initiation of this study.
The three sites represent an increasing PET gradient from north to south, but all have a long-term mean annual precipitation of ?420 mm (Supplemental Table S1 ). The northern site at Sterling (40°22¢12 ¢¢ N, 103°7¢48¢¢ W) has a mean annual water deficit (precipitation − open-pan evaporation) of 1175 mm yr . On average, PET at the Sterling and Stratton sites are ?81 and 87% of that at the Walsh site Sherrod et al., 2003 Sherrod et al., , 2005 ; henceforth, the relative PET gradient is referred to as low, medium, and high for the Sterling, Stratton, and Walsh sites, respectively.
The topographic variable is represented by slope position (i.e., summit, side, and toeslope) along a catenary sequence. Soil classification, texture, and other soil properties are presented in Supplemental Table S2 . Each slope position represents a unique soil series common to the geographic area, thus representing nine different soil series across the three sites (Peterson et al., 1993; Sherrod et al., 2005) . Further details of the PET sites and soils are described in Ascough et al. (2010) .
Cropping systems representing a gradient of intensities were placed across the soil sequences at each site in strips that were 6.1 m wide and between 185 and 300 m long, depending on the site. All phases of each cropping system were present every year, yielding a total of 11 treatments, including a perennial native grass treatment. These cropping systems represented a gradient of intensity ranging from one crop every other year with WF to two crops every 3 yr with WCF, three crops every 4 yr with wheat-corn-millet (Panicum miliaceum L.)-fallow (WCMF), and finally one crop every year with CC (Sherrod et al., 2005) . In addition, each site included a permanent grass mixture planted in 1986 to represent land managed under the Conservation Reserve Program (CRP). The perennial grass treatment, the details of which are described in Sherrod et al. (2005) , was included as a system that maximizes belowground organic C inputs. In 1998, some of the cropping treatments changed to more intensive systems; (e.g., the WF system was changed to wheat-wheat-millet). Therefore, in the present study, we examined only the three systems that remained constant (WCF, CC, and grass) throughout the study. More details regarding the agronomic practices are available in Hansen et al. (2013) , Sherrod et al. (2005) .
Sample Preparation and Analysis
This research is based on analyses of archived soil samples collected in 1986 (baseline), after the first 12 yr of no-till management (i.e., in 1997), and after 24 yr of no-till management (i.e., in 2009). Whereas the WCF system was sampled during the fallow phase of the rotation (which is the most vulnerable phase) during the fall, the CC and grass treatments were sampled during the spring, such that all treatment strips were sampled in the same year. Nine 2.54-cm-diam. soil cores were obtained from each treatment and composited by depth. Cores were partitioned into depth increments of 0 to 5, 5 to 10, 10 to 15, and 15 to 20 cm, and all visible plant material (e.g., roots, stems, or leaves) larger than 2 mm was removed. Soils were then dried, ground to pass through a 2-mm sieve, and archived in plastic specimen cups at room temperature in a dark storage room. In addition, duplicate bulk density measurements were made per experimental unit at the time of soil sampling using a 5.36-cm-diam. double-cylinder core sampler for depth increments down to 20 cm (Grossmand and Reinsch, 2002) .
The archived samples were later used to determine the soil C pools. Samples used to establish baseline values (1986) and after Phase I (1997) where analyzed in 1999; details of the analyses are described in Sherrod et al. (2003 Sherrod et al. ( , 2005 . Samples collected at the end of Phase II (2009) were analyzed in 2011. Whereas the methods used to determine the various soil C pools were the same for all three sets of samples, some modifications were necessitated by changes in instrumentation or to enhance operational efficiencies. The methods used to analyze the Phase II samples and baseline soils are described below. The Phase I samples used the same methods for the C pools, but whole SOC was determined by wet oxidation using Walkley-Black titration method (Nelson and Sommers, 1996) . We verified that Phase II whole SOC analyzed by dry combustion at 950°C and corrected for inorganic C was correlated with Walkley-Black method (r 2 = 0.95) (Sherrod et al., 2002) . We assumed that the storage time would have an effect on the quality and likely the quantity of the active C pools such as WSOC and SMBC (Boone et al., 1999; Černohlávková et al., 2009; Sun et al., 2015) . Moreover, Blake et al. (2000) concluded from a review of the literature that although significant changes in the physicochemical properties of soils do occur during drying and storage, these properties generally stabilize after ?16 wk. They also found that changes due to air drying and long-term (8-69 yr) storage were smaller than those caused by management. Thus, because we are concerned only with the size of the C pools and the relative differences due to CI, we assumed that we could confidently compare the pools after 2 to 14 yr of storage. Because the analytical methods did change over time, validation testing was conducted to ensure that these changes did not affect our results.
Total Soil Organic Carbon
A 20-to 25-g subsample of the dried soil was ground to pass through an 80-mesh sieve, and then a 200-mg subsample was analyzed for total C with dry combustion using a Leco TruSpec CN analyzer. Carbonates were determined on a separate 1.00-g subsample using a modified pressure calcimeter method (Sherrod et al., 2002) and converted to inorganic C, which was then subtracted from total C (by dry combustion) to obtain SOC. Carbon concentrations were converted to mass using the following formula:
where C cs is the organic C concentration of the core segment, BD cs is the bulk density of the core segment (i.e., the average of the two measurements made at the time of sampling), L cs is the length of the core segment, and 0.1 is a constant to convert SOC to kilograms of C per hectare. The C mass for each core segment is summed over the 20-cm depth increment to yield total SOC. This formula was used for all soil organic C pools.
Water-Soluble Organic Carbon
Water-soluble organic C (active C pool) was extracted by shaking 8.00 g of soil with 40 mL of deionized water within a 50-mL disposable polypropylene centrifuge tube on a wrist-action shaker for 30 min. Samples were then placed in a centrifuge at 5800 rpm for 10 min, and the liquid was decanted and filtered through Whatman GF/F filters to remove larger particulates. The sample was further filtered through a 0.45-mm filter (Davidson et al., 1987; Chantigny et al., 2008) . These extracts were then analyzed for total C and inorganic C using a Shimadzu 5050A total organic C analyzer with high-temperature catalytic oxidation (680°C), whereby the WSOC was determined by subtracting the inorganic C from the total C (TOC-5050A, Shimadzu Corporation).
Soil Microbial Biomass Carbon
Soil samples were analyzed for respired CO 2 by incubating 30-g soil samples in 500-mL serum bottles at 30°C with 50% water-filled pore space and capped with a rubber septum and aluminum sealing ring for 3 d (Franzluebbers et al., 2000; Sherrod et al., 2012) . Prior to CO 2 analysis, total soil pore space percentage was calculated to estimate the amount of water needed to obtain 50% water-filled pore space (Danielson and Sutherland, 1986 ). An incubation system bulk density (not in situ) was obtained by transferring the 30-g subsample into a 50-mL graduated cylinder to obtain a volume estimate before the sample was transferred into the serum bottle. Using the equation for porosity, where pore space percentage was calculated using the bulk density divided by the particle density of 2.65 g cm −3 multiplied by 100, we determined the water needed to obtain a 50% water-filled pore space. Water addition was done by placing the serum bottle with the soil sample on a balance and carefully adding deionized water with a hypodermic syringe so as to minimize disruption of soil aggregates. Respired CO 2 after 3 d incubation was determined by sampling 0.5 to 1.5 cm 3 of headspace gas via syringe and injecting it into a single-cell LI-COR CO 2 gas analyzer (Model LI-820) using compressed N 2 as a carrier gas (Sherrod et al., 2012 ). An equation developed by Franzluebbers et al. (2000) , whereby mineralized CO 2 -C concentrations are converted to SMBC using the flush of CO 2 from rewetting air-dried soils after a 3-d incubation, can be used as a proxy for traditional SMBC measurements by fumigation with chloroform. Soil concentrations were then converted to a mass basis using field bulk density values. The equation used is as follows:
soil
Particulate Organic Matter Carbon and Passive MineralAssociated Organic Carbon
The POM-C (slow pool) was determined by dispersing a 25-g soil subsample with 100 mL of sodium hexametaphosphate (5 g L −1 ) and shaking on a reciprocating shaker overnight (Cambardella and Elliott, 1992; Gregorich and Ellert, 1993 ). The soil suspension was then poured over a 53-mm screen, and all the material passing through this screen (silt and clay) and what remained on this screen (sand + particulate organic matter) was retained and dried overnight at 55°C. The particulate organic matter and sand remaining on this sieve, as well as a separate subsample of whole soil (2-mm sieved), were also powder ground to pass through an 80-mm sieve. All powdered samples were analyzed for total C on a Leco TruSpec CN furnace analyzer (Nelson and Sommers, 1996) . Inorganic C was measured in the >53-mm fractions using the modified pressure calcimeter method of Sherrod et al. (2002) , and organic C was calculated as total C from dry combustion minus inorganic C. The organic C associated with the silt and clay size fraction (<53 mm) is termed mineral-associated organic C (MAOC) and was determined by subtracting the POM-C from the whole SOC. Additionally, we subtracted the WSOC and SMBC from the MAOC pool to remove these small but sometimes significant contaminants from the MAOC pool to derive the corrected passive MAOC pool (P-MAOC).
Experimental Design and Statistical Analysis
The experimental design was a split-split block that included three sites representing a PET gradient, three topographic (slope) positions, and three levels of CI. Each phase of each cropping system was randomly imposed at each location in strips across slopes within each of the two replications at each site (Peterson et al., 1993; Sherrod et al., 2005) . The experimental unit therefore is a specific soil position within a site and phase within a cropping system. The variance was partitioned to test effects and interactions using ANOVA with the general linear model of SAS (SAS Institute, 1999) using the appropriate error term. Main effect mean separations were determined with Fisher's protected LSD when the overall model was significant (P £ 0.05). Site was tested with replication (site) term. Slope position and site ´ slope interaction was tested using a slope ´ replication (site) term. Cropping intensity and site ´ cropping were tested using the cropping ´ replication (site) term. When interactions were significant, LSDs were calculated by comparing slopes within sites (site ´ slope), cropping system within site (site ´ cropping), cropping system within slope (slope ´ cropping), and cropping system within site and slope (site ´ slope ´ cropping) using the appropriate standard error term.
Results and Discussion
The hypothesis for this study was that the C gains resulting from increased CI and no-till management during the wet years in Phase I (1985 Phase I ( -1997 of the experiment could be lost due to increasing frequency of drought during Phase II (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ). We further hypothesized that the moderating effect of slope position and PET on soil C pools would be greater during the period of increased drought frequency (i.e., Phase II), and that this would reflect the effects of slope position and PET on C inputs (using yield as a proxy for C input). Mean annualized yields showed more variability by PET site than by landscape position (Supplemental Fig. S2 and S3, respectively); however, depositional soils (toeslopes) consistently showed higher yields than the summits or sideslopes, with a trend toward lower yields at the end of Phase II. Moreover, when averaged across all PET sites and slope positions, the data revealed a general trend for lower yields during the dry years, but with annualized yields increasing as CI increased (Supplemental Fig. S4 ). This was also the case with the CRP grass system, though in this case, data was only available for Years 12 and 24 (i.e., at the end of Phases I and II).
Active Carbon Pools
The active pools, WSOC and SMBC, showed different results for the influence of PET, slope, and CI after Phase I, as the WSOC pool was influenced by PET site only, whereas SMBC was influenced by all main effects with a significant interaction between CI and slope position (Table 1 ). This interaction occurred because the grass system had significantly more SMBC than the CC and WCF systems, but only in the toeslopes. After several drought years at the end of Phase II, the WSOC pool was strongly influenced by CI, with WSOC increasing in the order WCF < CC < grass ( Fig. 1.1, Table 2 ). All main effects influenced the SMBC at Year 24 in no-till cropping systems without any interactions ( Table 2 ). The strongest impact on this pool was CI (P < 0.0001) over slope position and PET site, with WCF < CC < grass. As expected, the SMBC pool trended lower after the dry years, with the highest SMBC levels found in the toeslopes (Fig. 1.5) . The SMBC showed that the PET sites were also significantly different, separating out into low > medium > high after 24 yr ( Fig. 1.8) . In all cases, these two active C pools showed increases relative to the baseline at the end of both Phases I and II.
Slow Carbon Pool
The slow or intermediate C pool is the fraction of organic matter that is most likely affected by changes in management and/or climate (Cambardella and Elliott, 1992; Wander et al., 1994; Franzluebbers and Arshad, 1997; Sherrod et al., 2005) . During the wet years of this study, POM-C showed significant differences due to CI, independent of PET or slope. There was a stepwise increase in POM-C with CI, but no significant difference between WCF and CC, whereas grass had the highest level ( Fig. 1.3) . The grass system after 24 yr was similar, showing a 60% increase in POM-C over WCF. It is of note that even during several drought years, the grass system showed a 33% increase in POM-C compared with the end of the wet period, with an overall increase of 55% compared with baseline levels. There was a significant three-way interaction (P = 0.0176), however, for POM-C with CI, slope, and PET site at the end of Phase II. Specifically, the ranking of CI changed such that both the summit soil at the low PET site and the sideslope soil at the high PET site had lower levels of POM-C in the CC system than the WCF system (Supplemental Fig.  S5 ). In all other site ´ slope ´ CI comparisons, the POM-C levels split into two groups: WCF and CC < grass or WCF < CC < grass. Sherrod et al. (2005) also showed that POM-C in the 0-to 10-cm depth increment was significantly affected by CI after 12 yr in no-till. Moreover, although the grass system was not considered in that study, they also reported a PET site ´ CI interaction where, in all cases, CC was the highest and WF was the lowest.
Slope position has been shown to affect crop production and whole soil C, as well as the POM-C pool (Aguilar et al., 1988; Wood et al., 1991; Burke et al., 1995; Sherrod et al., 2003 Sherrod et al., , 2005 . Due to the three-way interaction after Phase II, we can only say that POM-C at the 0-to 20-cm depth in the toeslopes showed trends of having higher levels than the summit soils ( Fig. 1.6 , Table  2 ). Increases in SOC found at the 0-to 10-cm depth after 12 yr in no-till were highly correlated with increases in the slow C pool as estimated by POM-C (Sherrod et al., 2005) . This pool is preserved for longer periods of time with no-till management, as it is not mixed into the soil, exposing it to wetter subsurface soil and aerated conditions that enhance the oxidation processes. We expected that we would see a reduction in the size of this pool at the end of Year 24 of the study due to the length and frequency of drought experienced in Phase II, which resulted in far below average crop yields (Supplemental Fig. S4 ) and reduced inputs to the POM-C pool (Hansen et al., 2013; Sherrod et al., 2014) . The turnover time of this soil C pool is directly influenced by temperature and soil texture control of decomposition rates (Parton et al., 1987) . Soils with greater clay content would therefore slow down decomposition because of increased aggregation, which physically protects this pool (Six et al., 1998) . Remarkably, we found no evidence of a significant loss in POM-C after Phase II with WCF and CC systems and actually found an increase with grass.
Passive Mineral-Associated Organic Carbon Pool
The majority of the soil C (60-70%) resides in the passive pool, with turnover times ranging from centuries to millennia (Parton et al., 1988) . This is the most temporally stable sequestered fraction of SOM. Cambardella, and Elliott (1992) Soil water-soluble organic C (WSOC), soil microbial biomass C (SMBC), particulate organic matter C (POM-C) , passive mineral-associated organic C (P-MAOC), and total soil organic C (SOC) at a surface depth of 20 cm as affected by landscape slope position and potential evapotranspiration (PET) across three sites in eastern Colorado. Soils were sampled in 1997 after 12 yr under no-till management. Treatment, slope position, and site comparisons are provided with ANOVA results. described this passive pool as being represented by wet-sieved soil passed through a 53-mm sieve size (after dispersing the soil with hexametaphosphate solution), and the resultant soil slurry as the mineral-associated organic matter. We further refined this pool by subtracting out the amount found in the WSOC and the SMBC, which have fast turnover times and would be collected when passed through the 53-mm sieve as P-MAOC. We realize that statistically significant changes to this large pool will take decades for stabilization processes to be achieved. Sherrod et al. (2005) reported that the relative percentage of this pool was found to be influenced by CI when comparing WF, WCF, WCMF, and CC with the levels found in the grass system after 12 yr under no-till management at the 0-to 10-cm depth. For example, the WF system had 66% of the MAOC levels found in grass, and the WCF, WCMF, and CC all had significantly higher percentages with 84, 81, and 90%, respectively, after 12 yr of no-till. In Phase II of this study, we analyzed all cropping treatments that were unchanged from the beginning of the study, which excluded the WF treatment dropped in 1998. At the end of Phase II (24 yr), P-MAOC was affected by PET site, with the low and medium sites having higher concentrations than the high PET site. Slope position had a stronger influence than PET site on P-MAOC, as observed by the P-values in Tables 1 and 2 . In both time periods, toeslopes had higher P-MAOC than summits and sideslopes, as would be expected in this depositional zone. Although the P-MAOC pools did not differ by CI, we did find at the low PET site on the toeslope soil a 24% greater abundance in grass versus the WCF system.
PET
The total organic C (SOC) after 24 yr in no-till cropping systems (Phase II) showed that PET site, slope position, and CI all had significant impacts in the 0-to 20-cm depth increment ( Table 2 ). The strongest impact was shown to be CI, followed by slope position and then PET site. The low and medium PET sites were both statistically similar and higher than the high PET site. This is in part due to the textural differences (i.e., clay content) that allow the low and medium PET sites to hold onto the precipitation longer. These results were similar to what was found at the end of the wet years in 1997 (Sherrod et al., 2003) . We had expected that we would see interactions with PET or slope after the dry years, as the variability in production might interact differently across PET sites and/or slopes; however, the opposite was true. In fact, CI did not interact with either PET site or slope position. We therefore present the total SOC data in the 0-to 20-cm depth pooled over PET site and slope in Supplemental Fig. S6 . The data suggest that we are making small but significant gains in a relatively large soil C pool. In fact, the increase in total SOC in the grass from the 1986 WF baseline was 28.4% after 24 yr. Other research in the area showed similar results, with a 37% decline in SOC within a 30-cm depth when converting from a native grass system to a conventionally tilled WF system in Wyoming (Norton et al., 2012) . The stratification of residues that we continue to see in these no-till systems is in part diluted when depth increments are combined to 20 cm. The grass system showed the largest increase over the WF baseline at the end of Phase I, followed by CC and then WCF, which demonstrates that for these annual cropping systems, it will take more time to show changes in the total SOC pool (Supplemental Fig. S6 ). At the end dry period (Year 24), CRP-planted grass systems clearly show why this system is used in the National Resource Conservation Service program as a soil bank, since levels continue to show strong increases over time.
Conclusions
The C pool most affected by the drought years was the active pool, with lower concentrations of both the WSOC and SMBC after the dry years (Phase II) than after the wet years (Phase I). This effect was observed regardless of CI, or slope position, and in five out of six comparisons across PET sites. Nevertheless, even after several years of drought, the active C pools were greater for the grass system than the WCF and CC cropping systems. This was also found to be the case with the slow pool, represented by POM-C. That is, at the end of Phase II (after 24 yr in no-till), the POM-C content of the grass system was 54.4% higher than the baseline level of 1986. These three biologically active pools have a larger response than what is found when looking at the unfractionated (total) SOC. We suggest that the POM-C fraction in particular offers valuable insight about the potential impact of management and/ or climate change on long-term SOM dynamics. These results demonstrate that even considering the drought years, SOC levels were maintained above baseline levels with WCF and CC while increasing in the grass system. The experiment also suggests that the biologically active pools in these systems have yet to reach equilibrium.
Supplemental Material
Two supplemental tables and six supplemental figures are available online. -soluble organic carbon (WSOC), soil microbial biomass C (SMBC), particulate organic matter C (POM-C) , passive mineralassociated organic C (P-MAOC), and total soil organic C (SOC) at the surface depth of 20 cm as affected by landscape slope position and potential evapotranspiration (PET) across three sites in eastern Colorado. Soils were sampled in 2009 after 24 yr under no-till management. Site ´ landscape ´ cropping system treatment means are provided below with ANOVA results. 
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